An assessment of the transcript abundance of several fatty acid and lipid biosynthetic genes has been made. Total RNA was extracted from embryos at different stages of development and mRNA was analysed by quantitative Northern blots and used to probe cDNA arrays. Central fatty acid synthase components were present at different steady-state levels, but at constant ratios throughout development ; ancillary components were generally expressed at higher levels, but at constant ratios over the period of maximum fatty acid biosynthesis.
Introduction
There is some evidence that enzymes involved in fatty acid synthesis in plants, and components of fatty acid synthase in particular, may associate in a single functional unit [l] . By implication, this might suggest that the genes will be transcribed in a co-ordinate fashion, at a constant ratio. Whereas previous work gives some support to this notion [2] , a global picture has been lacking. We have adopted a rational approach to this issue by examining what happens to a number of key genes in a specific tissue and over a defined period, when such regulated activity is likely to be most noticeable, i.e. prior to and during lipid deposition in the developing seed.
Materials and methods
Embryos from a series of developing seeds of Brassica napus cv. Westar were used for lipid analysis and RNA extraction. Total lipids were extracted as fatty acid methyl esters [3] and analysed by G C on a capillary column. Total RNA, extracted using Trizol reagent (Gibco-BRL), was used to prepare Northern blots and for poly(A)+ mRNA extraction by separation on oligo(dT) columns. cDNA filter arrays were prepared on nylon membranes (Zeta) using a dot-blot apparatus (Bio-Rad). Plasmid preparations of each Key words: gene expression, microarray. Abbreviations used: ACP, acyl carrier protein: BKR. 3-ketoacyl-ACP reductase; DAF, days after flowering; G3P, glycerol-3-phosphate acyttransferase. 'To whom correspondence should be addressed (e-mail tony.fawcett(ddurt7am.ac.u k).
gene investigated (in pBluescript SK+) were applied to duplicate membranes in 250-and 50-ng aliquots. Antisense RNA for quantitative Northern blots was prepared from cDNA clones of glycerol-3-phosphate acyltransferase (G3P) and 3-ketoacyl-acyl carrier protein (ACP) reductase (BKR) using Promega's Riboprobe-system. First-strand cDNA was synthesized from 0.5-1.0 pg of poly(A)+ mRNA, using Superscript I1 reverse transcriptase and incorporating [a-"PIdCTP as a tracer to assess the quality and size of product. Before probing the filters, the effectiveness of first-strand synthesis was checked by reverse-transcriptase PCR. Probes were prepared by random-prime labelling of the first strand. Filters were pre-hybridized with the addition of denatured poly(dA). poly(dT) and digested empty SK+ vector.
After stripping, the filters were rehybridized with a P-lactamase D N A sequence to check the equivalence of sample loading and DNA transfer to the filter. In each plasmid, P-lactamase was present at the same copy number as the insert. Following hybridization, filters were washed at high stringency. Results for Northern blots were normalized after reprobing with a heterologous 18 S rDNA sequence from Pisum sativum. All blots were analysed using a Molecular Imager@ System (Bio-Rad) and quantifications were performed with the attached Molecular Analyst@ software.
Results and discussion
Northern blots were hybridized, either simultaneously or independently, with D N A probes for ACP and BKR. Where dual probes were used, they were labelled to the same specific activity by adjusting the amounts of labelled and unlabelled DNA added to the hybridization buffer. T h e experiment was repeated using replicate blots and freshly synthesized DNA. Results from both sets of experiments were consistent and, in combination with the lipid analysis, established that gene expression was maximal between 23 'and 29 days after flowering (DAF), while lipids accumulated from 23 to 35 DAF.
On the basis of these results cDNA filter arrays were probed with labelled first-strand products from poly(A)+ mRNA extracted from em-Biochemical Society Transactions (2000) Volume 28, part 6 bryos collected at 23 DAF. Reproducibility was good, both between blots hybridized with firststrand mRNA that had been prepared, at different times, from the same source of total RNA, and within blots with different amounts of target cDNA (Figure 1) .
Microarray analysis offered an advantage over dual probing of Northern blots in terms of assessing the relative levels of expression of a greater number of genes within one blot. However, neither method permitted quantification of signal intensities and therefore prevented comparisons being made between filters. T h e technique of dual probing was also unsuitable for analysis of many gene combinations because of the potential difficulty in resolving overlapping signals from similar-sized transcripts. An alternative method of quantitative Northern-blot analysis was adopted to supplement the results already obtained. Antisense RNA was produced from several cDNAs by in vitro transcription, and serial dilutions of BKR and G3P were included on Northern blots prepared from the same embryo samples as before. These blots were successively hybridized, after removal of the previous probe, with each cDNA in turn. This method allowed an accurate assessment of the amount of sense mRNA present in each sample, as antisense mRNA could be synthesized in sufficient quantities to provide reliable spectrophotometric determinations of the amount present in each synthesis. T h e probes were prepared by random-prime labelling; therefore hybridization to both antisense and sense RNAs should have occurred with equal frequency. Amounts of transcript in each sample were quantified from the antisense results. Results were very reproducible and are presented in Table 1 .
Conclusions
Results from the cDNA microarrays provided a good overview of the relative expression of lipid biosynthetic genes in developing embryos. T h e results were substantiated by the fact that relative 
